Abstract-Present work aims to determine the relationship between Kelvin radii and Bulk hygroscopicity factor, the effects of these factors on Kelvin effect and Water activity of atmospheric aerosol and investigate how both Kelvin effect and Water activities affect atmospheric processes based on (MVN mix ratios). In the present study, microphysical properties of aerosols were extracted from the Optical Properties of Aerosols and Clouds (OPAC) at seven relative humidity (50%, 70%, 80%, 90%, 95%, 98% and 99%) for ten aerosol models (Arctic, Antarctic, Continental clean, continental polluted, continental average, Desert, Maritime clean, maritime polluted, maritime tropical and Urban,). The parameters extracted were individual radii of the aerosols (both dry and wet), number concentrations, mass density, volume density, number mix ratio, mass mix ratio and volume mix ratio. The parameters were used to calculate effective radii and effective hygroscopic growth of the aerosols. These two calculated parameters were used in Kӧhler models to determine Kelvin radii (Kelvin effects) and bulk hygroscopicity factors (water activities) of the aerosols. It was discovered that the effective radii, effective hygroscopic growth factor, Kelvin effect and water activity all depends on aerosol composition and hygroscopicity. We also observed that the water activity values for all our aerosol models except the Urban were less than RH for number mix ratio, while the Maritimes, Antarctic and Arctic models are less than RH for volume mix ratio. And the Maritimes and Arctic models are less than RH for the mass mix ratio. The values of the Kelvin effect of all atmospheric aerosol models except the urban model, decreases with increase in RH and the Sahara model has a very high magnitude for the number mix ratio. While for the volume and mass mix ratios the Kelvin effects of all models decreases with increase in RH with very low magnitude for the Sahara model. We observed that as the ambient relative humidity (RH) changes, hygroscopic atmospheric aerosols can undergo phase transformation, droplet growth, and evaporation. Both Kelvin effect and water activity play important roles in atmospheric processes. These two quantities depend on Kelvin radii and bulk hygroscopicity factors of atmospheric aerosols.
I. INTRODUCTION
uture climate predictions over the next century remain scientific goal for most of the earth science community. Uncertainty in predicting climate change at 2100 mainly lies in the uncertainty associated with feedbacks in the carbon cycle (Gregory et al., 2009) and aerosol forcing (Forster et al., 2007) . These feedbacks are the results of both natural and anthropogenic of land-atmosphere-ocean interactions. Atmospheric aerosols are suspended liquid or solid particles in the atmosphere originating from both natural and anthropogenic activities, affect local radiative forcing by scattering and absorbing of terrestrial radiation, thus, affects radiation balance of the earth and climate (Hess et. al., 1998) . Radiative properties of clouds depend on the size and number concentration of droplets, which is governed by atmospheric conditions, such as the number of cloud condensation nuclei (CCN) and the supersaturation of water. The ambient relative humidity changes the microphysical and optical properties of hygroscopic atmospheric aerosols (Cheng et al., 2008) , such as sea-salts and water soluble. These ambient atmospheric aerosols are external and internal mixtures of particles with different chemical compounds such as soot, sulphate, nitrate, organic carbon and mineral dust. The state of mixing of these components is crucial for understanding the role of aerosol particles in the atmosphere, As the ambient relative humidity (RH) changes, hygroscopic atmospheric aerosols can undergo phase transformation, droplet growth, and evaporation. Phase transformation from a solid particle to a saline droplet usually occurs spontaneously when the RH reaches a level called the deliquescence humidity and its values depend also on the chemical composition of the aerosol particle (Orr et al. 1958; Tang 1976 ). The chemical composition of aerosol undergoes spatio-temporal changes, hence characteristics such as Kelvin radii (Kelvin effects) and bulk hygroscopicity factors (water activities) are significantly different from places and particles (Mochida et al., 2006 ). Köhler equation is often used to describe both hygroscopic growth of aerosol particles and their activation to cloud droplets. It is divided into: (1) the Kelvin effect which is responsible for the increase in equilibrium water vapor pressure over a curved surface (Lewis, 2006) ; and (2) the Raoult effect which is the reduction in water activity associated with solute dissolution in terms of either effective hygroscopic growth and/or the effective radius of the mixtures at given RHs.
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In the work of Kreidenweis et al. (2005a) , the use of water uptake data for particles below water saturation to calculate the water activity as a function of solute weight percent, extrapolating to dilute solution concentrations relevant to describing equilibria at supersaturated vapor conditions was investigated. Water uptake data for RH below about 95% were obtained using the humidified tandem differential mobility analyzer (HTDMA). The HTDMA measures the water uptake of a nearly monodisperse aerosol at a controlled temperature and relative humidity. A method was outlined for determining aw as a function of solution composition from HTDMA measurements (Brechtel and Kreidenweis, 2000b; Prenni et al., 2001; Rader and McMurry, 1986) . The HTDMA measures the hygroscopic diameter growth factor, GF, of particles at RH< 95%, where GF is defined as the ratio of the diameter in equilibrium with water vapor at the relative humidity, RH, to the dry diameter, the latter was measured at RH<95%. The use of HTDMA data for determining solution water activities was proposed by Brechtel and Kreidenweis (2000a, b) ; and their methodology was adapted to a different water activity expression. (B.I Tijjani and G.S.M Galadanci 2015) studied volume, mass and number base ratio for six aerosol type i.e. Arctic, Antarctic, Continental, Desert, Maritime and Urban, it was observed that hygroscopicity increases exponentially with relative humidity at every aerosol type.
In this study, nvm based microphysical properties such as individual radii of the aerosols (both dry and wet), number concentrations, mass density, volume density, number mix ratio, mass mix ratio and volume mix ratio were used to study ten types of atmospheric aerosols.
II. METHODOLOGY
In the present study, microphysical properties of ten atmospheric aerosols type were extracted from Optical Properties of Aerosols and Clouds (OPAC) Table 2.1 and 2.2 shows composition and microphysical properties of aerosol types extracted from OPAC respectively. The sol and ns show that the aerosols are soluble and insoluble respectively; the inso represents the water-insoluble part of aerosol particles and consist mostly of soil particles with a certain amount of organic material. The waso represents the water-soluble part of aerosol particles that originates from gas to particle conversion and consist of various kinds of sulfates, nitrates and also organic water-soluble substances, thus, it contains more than only the sulfate aerosol that is often used to describe anthropogenic aerosols. The soot component is used to represent absorbing black carbon, carbon is not soluble in water and therefore the particles are assumed not to grow with increasing relative humidity. The ssam and sscm are sea-salt accumulation and coarse modes particles respectively and they consist of various kinds of salt contained in seawater. The suso is sulfate component (75% H2SO4) used to describe the amounts of sulfates found in the Antarctic aerosols.
Mineral nucleation mode (minm), Mineral accumulation mode (miam), and
Mineral coarse mode (micm) are mineral aerosols or desert dusts produced in arid regions, they consist of a mixture of quartz and clay minerals and are modeled with three modes to allow considering increasing relative number of large particles for increasing turbidity. The mitrate mineral transported (mitr) is used to describe desert dust that is transported over long distances with a reduced number of large particles. Generally, atmospheric aerosol is a mixture of different (soluble and insoluble) components. Therefore, the information on the hygroscopicity modes was merged into an ''overall'' or ''bulk'' or ''effective'' radius and hygroscopic growth factor of the mixture. From the hygroscopic data obtained from microphysical properties of aerosols extraction using optical properties of aerosols, the effective radius for all the aerosol models was calculated using the relation
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www.ijsrp.org where, S is taken for eight values 0%, 50%, 70%, 80%, 90%, 95%, 98% and 99% RH and the summation were performed over all compounds present in the particles and x k represent their respective volume fractions or number fractions and mass fractions using The calculated effective radii for number, volume and mass mix ratios were plotted against relative humidity and observed. We defined aerosol hygroscopic growth factor as
Where r(S) and r(S=0) are the radii of the wet and dry aerosols respectively. Now, the effective hygroscopic growth factor g eff (S), which represents the entire aerosol's particle population is given as:
Equation (3) were used directly to calculate the effective hygroscopic growth factor of the aerosol models. The calculated effective hygroscopic growth factors were plotted against RH and observed.
The growth of aqueous droplets in ambient is commonly described by Köhler theory (Köhler, 1936; Gysel et al., 2002; Kreidenweis et al., 2005) . According to Köhler theory, the equilibrium water vapor saturation ratio, S, is given by =
where, a w denotes the water activity or Raoult term, and K e is the Kelvin effect. The equilibrium water vapor saturation ratio for a droplet was described by Kreidenweis et al., 2005 , as
Where R is the universal gas constant, T is the temperature, is the surface tension, M, , , are molar volume of pure water, molar volume of solute, density of the solute and particles number respectively. Now, for our atmospheric aerosol models, Eq. (5) was adapted but rewritten to represents the property of the bulk components as ln =
Relationship between droplet radius-RH and A (Kelvin radius) and B (Bulk hygroscopicity factor) were established by computing multiple regression analysis with MS Excel for equation (7) Comparing the first term on the right-hand side of Eq. (7) with Eq. (4), we obtain ln =
Where A is the characteristic length for the effect of surface tension (or Kelvin radius) Taking natural log of both sides of equation (8), we obtain
Also, comparing the second term on the right-hand side of Eq. (7) with Eq. (4), we get ln = 
The parameter B was described as the bulk hygroscopicity factor under subsaturation conditions (Mochinda et al., 2006) . This also implies,
The calculated Kelvin effects and water activities using Eq. (9) and Eq. (11) were substituted into Eq. (4) to calculate the saturation ratio; these parameters were plotted against RH and observed.
The relationship between growth factors, composition, and water activities are deduced and given in functional form as www.ijsrp.org
This implies that,
Where, a, b and c are polynomial coefficients, which were determined by multiple regression analysis using MS Excel.
III. RESULTS AND DISCUSSIONS
3.1 Effective Radius (R eff ) The effective radius of ten aerosol models was calculated using eq. (1). The calculated effective radii were plotted against the relative humidity and the graphs are shown in figures 1a, 1b & 1c. Relative humidity (%) www.ijsrp.org www.ijsrp.org www.ijsrp.org 3.6 Regression Analysis of Eq. (7) From the regression analysis of Eq. (7) using the effective radii the calculated parameters A (Kelvin radii) and B (Bulk hygroscopicity factors) for all aerosol models are given below. 
Saturation ratio
Relative humidity (%) www.ijsrp.org www.ijsrp.org
IV. DISCUSSIONS

Effective Radius
The effective radius of aerosols is dependent on the composition of such aerosols, its hygroscopic nature and relative humidity. The effective radius (Figure 3.1a) of all aerosol models increases with increase in relative humidity. All aerosol models except the Maritimes and the Antarctic model only shows appreciable increase in their effective radius at relative humidity > 90%. Both effective radii (Figure 3.1b and figure 3.1c) curves are of the same pattern with difference only in their values. This is so because of the relation between mass and volume i.e. mass is directly proportional to volume. In both cases all the Continentals and Urban aerosols decreases with increase in relative humidity while the remaining aerosol models increases with increase in relative humidity.
4.2
Effective Growth Factor This is the hygroscopic growth factor of aerosols. It is dependent on the hygroscopicity of the aerosols' composition, effective radius and relative humidity. In figure 3 .2a, the effective growth factor of Antarctic aerosol has the highest value and is highly sensitive to RH than the other aerosols while the Urban aerosol model has the lowest values and less sensitive to RH. In the other two cases ( figure 3.2b and figure 3.2c) , the Maritime models possesses the highest value and more sensitive to RH than the other aerosol models while the Sahara has the lowest values and is less sensitive to RH. www.ijsrp.org
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4.3
Water Activity The water activity of aerosols is dependent on the effective radius and % water soluble of aerosols. The water activity (figure 3.3a) of all aerosol models are sensitive to RH, they increase with increase in RH (increases exponentially). The Sahara aerosol has the lowest value of a w while the Maritimes have the highest values of a w . In the other two cases (figure 3.3b) and (figure 3.3c) the curves have same behavioural patterns. The aerosol models show observable dependency on RH at 90% RH and above. The Maritimes, Sahara and Urban show great sensitivity at RH > 90% while the remaining aerosol models are slightly sensitive at RH > 90%.
4.4
Kelvin Effect The Kelvin effect of aerosol is affected by the hygroscopic nature of the aerosol composition and its effective radius. The Kelvin effect ( figure 3.4a ) of all the aerosol models decreases with an increase in RH. The Maritime models have the lowest Kevalues while the Sahara model has the lowest K e values. All the aerosol models show high sensitivity to RH at RH > 90%. The other two cases (figure 4.4b and figure 3.4c) have similar curve patterns (also decreases as RH increases and high sensitivity to RH at 95% and above). The Maritime models show dependency on RH at all RH but the other aerosol models only show an observable dependency at RH > 80%.
4.5
Saturation Ratio The saturation ratio is the ratio of the vapor pressure of water over the drop to the saturation vapor pressure of water at that temperature and is equivalent to the product of water activity and Kelvin effect. It can be equated to the fractional ambient relative humidity if the droplet is in equilibrium with its surrounding. All the aerosol models are highly sensitive to RH (i.e. increase with increase in RH) except Sahara and Urban models (in figure 3.5a ) and Sahara, Urban and the Continentals (in figure 3.4b and figure 3.5c) who only show a sharp increase in their saturation ratio at RH > 90%. Table 3 .1a, 3.1b and 3.1c. The significance F determines which of the mixing ratios is best suitable for determining the parameters if significance F< 0.05 the mixing ratio is better but when it is greater than 0.05, the method is not suitable. The P-value determines the contribution of parameters in an equation. If P-value <0.05, the parameters contributes significantly in the equation but, if P-value ≥ 0.05 the contribution of the parameters to the equation is insignificant. Also, from the values of Kelvin radii and Bulk hygroscopicity, the positive values are for concave curvature while negative values are for convex curvature.
4.6
From table 3.1a, 3.1b and 3.1c: (1) Antarctic model, both A and B of the number mix ratio contributed significantly to the equation. For the volume mix ratio, B contributed significantly while contribution of A to the equation is insignificant. Finally, for mass mix ratio, both A and B has insignificant contribution to the equation. Due to the significant F, all three mixing ratios are the suitable for determining A and B; (2) Arctic model, only B contributed to the equation in all three ways. Due to the significant F, all three mixing ratios are the suitable for determining A and B; (3) all Continental aerosol models, both A and B contributed significantly to the equation in number mix ratio but, only A contributed to the equation in both volume and mass mix ratio. The number mix ratio is best suitable for determining A and B ;(4) for all Maritime aerosol models, only B contributed significantly to the equation in number mix ratio while A and B contributed significantly to volume and mass mix ratio. All three mixing ratios are suitable for determining A and B; (5) Sahara model, contribution of A and B are insignificant in all three methods. All three mixing ratios may be used to determine A and B; finally (6) Urban model, only B contributed significantly to the equation in number mix ratio while, for both volume and mass mix ratio, only A has a significant contribution. The number mix ratio is preferable for determining A and B. (7) Urban model, all the polynomial coefficients contributed significantly to the equation for number mix ratio, while for both volume and mass mix ratio, only a and c contributed significantly to the equation. All three mixing ratios are suitable for determining A and B.
V. SUMMARY
The hygroscopicity data of aerosols were obtained from the microphysical properties of aerosols using Optical Properties of Aerosols and Clouds (OPAC). With these hygroscopic data, we were able to calculate the effective radii, effective growth factor, water activity, Kelvin effect and saturation ratio of ten different aerosol models using three mixing ratios: (1) number mix ratio; (2) volume mix ratio; and (3) mass mix ratio. Method (2) and (3) gives similar results because of the relationship between mass and ISSN 2250-3153 http://dx.doi.org/10.29322/IJSRP.9.02.2019.p8610
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The effective radius of each aerosol is dependent on the compositions of such aerosol, its hygroscopic nature and relative humidity. The water activity is dependent on the effective radius and % water soluble of the aerosol. The Kelvin effect is affected by the hygroscopic nature of the aerosol compositions and its effective radius. The effective hygroscopic growth factor is dependent on the hygroscopicity of the aerosol compositions, effective radius and relative humidity. Both water activity and Kelvin effect were used to determine the saturation ratios. It was observed that the water activity values for all our aerosol models except the Urban were less than RH for number mix ratio, while the Maritimes, Antarctic and Arctic models are less than RH for volume mix ratio. And the Maritimes and Arctic models are less than RH for the mass mix ratio. The values of the Kelvin effect of all atmospheric aerosol models except the urban model, decreases with increase in RH and the Sahara model has a very high magnitude for the number mix ratio. While for the volume and mass mix ratios the Kelvin effects of all models decreases with increase in RH with very low magnitude for the Sahara model.
VI. CONCLUSION
From the analysis of our results, the magnitudes and consequences of both Kelvin effect and water activity are dependent on the aerosol models hygroscopicity i.e. the solute compositions and how they take up water which is due to the presence of water soluble. Some authors state that solution water activity is equal to RH when solution is in equilibrium with the vapor and Kelvin effect is negligible. But from the magnitude of our calculated water activities, we can state that at equilibrium solution with water vapor the Kelvin effects are significant.
From our observation some aerosol component like soot does not take up water thereby, contributing to global warming. Most literatures use the experimental methods in determining water activities of known constituents of atmospheric aerosol particles but we used the regression analysis to determined water activity of real aerosol particles. One clear advantage of this method is that for the mixed particles, whose components are only slightly soluble, their contributions to water activities are captured in the hygroscopic data. And we can determine water activities of aerosols of unknown constituents also, using this method.
